Recently, in [18] the authors gave some results on the structure, capability and the Schur multiplier of generalized Heisenberg Lie superalgebra. In this work we try to extend these concepts to the case of generalized Heisenberg Lie superalgebra.
Introduction and preliminaries
In 1904 Issai Schur introduced the Schur multiplier and cover of a group in his work on projective representation. Similar to the group theory case, Schur multiplier and cover of a Lie algebra have been studied by several authors [1, 2, 10, 14] . For a finite dimensional Lie algebra L over a field F the free presentation of L is 0 −→ R −→ F −→ L, where F is a free Lie algebra. The Schur multiplier M(L) is isomorphic to F ′ ∩ R/[F, R].
Baer [15] defined the notion of capable group. The authors in [11] introduced the epicenter Z * (G) of a group G. In this paper they proved that a group G is capable if and only if Z * (G) = 1. Exterior square of a group was studied for the first time in [12] , which has an interesting relation with capability of a group. Using the notion of exterior group, Ellis [13] proved that Z ∧ (G) = Z * (G), where Z ∧ (G) = {g ∈ G| g ∧ h = 0 L∧L , ∀ h ∈ G} is the exterior center of the group. The notion of epicenter Z * (L) of a Lie algebra L was developed by V. Alamian and others in [9] . Recently, Peyman Niroomand, Mohesen Parvizi, Francesco G. Russo [15] investigated beautiful connection between epicenter and exterior center of a finite dimensional Lie algebra. Finally, they classified all capable Heisenberg Lie algebras and later, as an application they showed that there exists atleast one capable Lie algebra of arbitrary corank.
In this paper our aim is to describe the structure and Schur multiplier of generalised Heisenberg Lie superalgebra and we have found the condition on capability of generalised Heisenberg Lie superalgebras. We motivated from the work of Peyman Niroomand and Farangis Johari [18] on the generalised Heisenberg Lie algebras.
Throughout this paper superdimesion of Lie superalgebra L = L 0 ⊕ L 1 is denoted by sdimL = (m|n), where dimL 0 = m and dimL 1 = n. Also, we denote dim(L) = |sdimL| = m + n. For any homogeneous element x ∈ L, degree of x is denote by d(x). The concept of stem extension, cover and multiplier of Lie superalgebra is defined and studied in [4] . Free presentation of a Lie superalgebra L is the extension 0
Another useful result in [4] the author found is the bound for the multiplier of Lie superalgebra of superdimension (m|n).
In this paper, we denote A(m, n) for abelian Lie superalgebra of superdimension (m|n). ( 
has a non-trivial kernel for all non-zero elements x ∈ Z(L).
is a central extension.
For any Lie superalgebra we use the notation L ab for L/L ′ .
Lemma 2.9. (see [4] , Theorem 3.9) Two Lie superalgebras H and K satisfy the condition
As a consequence, Proposition 2.13. Let L be a finite dimensional nilpotent Lie superalgebra of nilpotency class two.
, where K is abelian and H is a generalized Heisenberg Lie superalgebra.
Proof. As L is of nilpotency class two, we have
. Now we will show the reverse containment. Lemma 2.10 say that
In [20] , we can see that given any totally ordered Z 2 -graded set X = X 0 ∪ X 1 , Γ(X) is the groupoid of non-associative monomials in the alphabet X, u • v = (u)(v) for u.v ∈ Γ(X), and S(X) is the free semigroup of associative words with the bracket removing homomorphism − : Γ(X) −→ S(X). For u = x 1 ...x n ∈ S(X), x 1 ∈ X, the word length l X (u) = n, the multidegree
. Now A(X) and F (X) are the free Z 2 -graded associative and nonassociative superalgebra respectively.
A monomial u ∈ Γ(X) is said to be regular if either u ∈ X or;
(1) u = u 1 • u 2 where u 1 , u 2 are regular monomials with
A monomial u ∈ Γ(X) is said to be s-regular if either u is a regular monomial or u = (v)(v) with v a regular monomial and d(v) = 1.
Then the set of all images of the s-regular monomials form a basis of the free Lie superalgebra L(X) = F (X)/I, where I is the ideal generated by the homogeneous elements of the form
The analogue of Witt's formula can be seen in corollary 2.1.1 in [20] . Theorem 2.14. Let X = X 0 ∪ X 1 , X 0 = {x 1 , ..., x m }, X 1 = {y 1 , ..., y n } be a totally ordered Z 2 -graded set and L(X) be the free Lie superalgebra, µ(l) the Mobius function, and W (α 1 , ..., α m+n ) the rank of the free module of elements of multidegree α = (α 1 , ..., α m+n ) in the free Lie superalgebra of rank m + n,
.., α m+n ) be the rank of the free module of elements of multidegree α = (α 1 , ..., α m+n ) in the free Lie superalgebra L(X) of rank m + n. Then
where β = 0 if there exists an i such that α i is odd, or if
Theorem 2.15. Let F be a free Lie superalgebra on a Z 2 -graded set X, then F n /F n+i is an abelian Lie superalgebra with the basis of all s-regular monomials on X of lengths n, n + 1, ..., n + i − 1 for all 0 ≤ i ≤ n. In particular, F n /F n+1 is an abelian Lie superalgebra of dimension |α|=n SW (α), where F n is the n-th term of the lower central series of F .
Main results
Now we are going to study the structure of generalized Heisenberg Lie superalgebra of rank 1 2 [(m + n) 2 + (n − m)]. A generalized Heisenberg Lie superalgebra H has m + n-generators, we mean that dim (H/Z(H)) = m + n.
Proposition 3.1. Let H be a m + n-generator generalized Heisenberg Lie superalgebra of rank
and H has the presentation
Proof. Let {x 1 + Z(H), ..., x m + Z(H), y 1 + Z(H)..., y n + Z(H)} be a basis of H/Z(H) with
Proposition 3.2. Let H be a m + n-generator generalized Heisenberg Lie superalgebra of rank
(H) is isomorphic to an abelian Lie superalgebra of dimension |α|=3 SW (α).
Proof. From proposition 3.1 we must have H ∼ = F/F 3 , where F is a free Lie superalgebra of rank m + n. Now we can conclude form Theorem 3.17 that M(H) ∼ = F 3 /F 4 and F 3 /F 4 is abelian and has dimension |α|=3 SW (α). Proof. Proposition 3.1 gives a basis of H, i.e {x 1 , ...,
We will prove this theorem by considering case by case.
Then H/K has a basis that is the set
and z ′ pl = z pl + s ′′ pl allows us to take s pt = s ′ kl = s ′′ pl = 0. Now using Jacobi identity we get
In a similar way we can find
But the set ∆ has a basis which is the set of all s-regular monomials of length 3, i.e.
The proof runs similar to the case-1, only we have to take care of some possibilities. As
we have
It is easy to see Proof. We can see that from the proof of proposition 3.
Theorem 3.6. Let H be a m + n-generator generalized Heisenberg Lie superalgebra of rank
Since H is nilpotent of class 2, and L/K ∼ = H, we have L is of nilpotent of class 3.
Clearly the quotient superalgebra (L/L 3 ) ab is nilpotent of class 2 and dim(L/L 3 ) = (m, n). Thus Proof. This is a consequence of Lemma 2.8 and Theorem 3.7.
